I. INT RODUCTION
Recently, extensive development of sensor application has been conducted on Vehicular Ad-hoc Sensor Networks (VAS NETs) due to the wide potential usage of sensors that focusses on the transportation system. VASNETs play an important role in future automotive development since it has the capability of providing the wide range of services from safety, comfort, telematics and infotainment [1] . In VASNETs, normally a large number of sensor nodes is deployed to utilize sensor nodes on vehicles such as in Vehicular Ad-hoc Networks (VANETs) whic are rapidly emerging research field and con sidered essential for cooperative driving among vehicles on the road [2] . Such networks can be used to improve road safety in which vehicles are equipped with some short-range and medium-range wireless communication. VASNETs use the same principle with V ANETs but inherits its characteristics from both Wireless Sensor Networks (WSNs) and VANETs.
In VASNET, there are different state of sensors including a Rode Side Sensor (RSS) in static node, a mobile node sensor as a Vehicular Node (V N) and Base Station (BS) sensor [3] . The sensors installed on vehicle as VN may have limited communication range with the ground sensors such as RSS and BS sensors as shown in Fig. 1 where the sensors on vehicle can be integrated with the roadside unit and cellular base station to improve the communication to support road safety and traffic management. Therefore, the different size of areas is needed for extending the signal transmission coverage and helps to support conununication between VN, RSS and BS sensors. Although each sensor node has the ability to increase its transmission power, but still it has several constraints due to the limited processing power, restricted bandwidth, memory and energy of sensor node [4] . Therefore, it is essential to study the performance of routing protocol for VASNETs in respect to different sizes of deployment areas.
In this paper, the performance of Ad-hoc On-Demand Distance Vector (AODV ) routing protocol [5] is evaluated on different sizes of simulation area in VASNETs. We analyze the impact of different number and speed of mobile nodes on the average percentage of packet loss when different sizes of simulation areas are used as the deployment area of VAS NETs. This research work is based on the simulation where the Avrora network simulator is used to simulate different mobility settings for VASNETs. The rest of the paper is organized as follows. In Section II, we explain the recent related work on the performance evaluation of AODV Then, the AODV routing protocol description is sununarized in section III. Next, the simulation environment and performance metrics are described in Section IV We present the experimental results and the discussion on the findings in Section V Finally, Section VI concludes the paper and outlines the future work.
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II. RELATED WORK
This section reviews the recent related work that aims at evaluating the performance of AODV routing protocol for vehicular networks. Most of the current works on the performance study of AODV focus on VANETs as in [6] , [7] , [8] . However not many papers in literature evaluate the performance of AODV in VASNETs.
Numerous well-known routing protocols for routing mes sages in MANETs have been proposed for VANETs including AODV as classified in [9] according to their employed routing metrics. The comparative study in [6] , have compared four different routing protocols such as AODV, OLSR, GRP and DSR for VANETs in terms of network delay and network packet loss with OPNET network simulator. The simulation results show that as the node density increases, the network delay and network packet loss of these four routing protocols are also increased.
The study in [7] , is more focus on AODV routing protocol to implement the Intelligent Transport Systems (ITS) concepts in VANETs. A simulation is performed using AODV routing protocol in NS2 to study the hurdles involved in providing a secure and trustworthy data transfer between the vehicular nodes. They used packet drop ratio as similar as our work using the percentage of packet loss to study the performance of AODV in VAS NETs.
The research work in [8] , also study AODV for VANETs. They proposed the improvement of AODV which broadcasts data packets instead of RREQ message. When the destination node received the RREQ, it simultaneously receive the data packet as well because the packet header used is similar to the packet header of RREQ. This approach can improve the delay of data packets when nodes detect link interruption. However, they only evaluated the packet delivery rate and packet delay in VANET using NS2 simulation tool.
Our research work also focus on the performance of AODV routing protocol using different network simulator, which is Avrora [10] . Our work analyze the impact of different number and speed of mobile nodes on the average percentage of packet loss when different sizes of simulation areas in VASNETs.
III. AODV ROUTING PROT OCOL
In this section we briefly describe ad hoc on-demand distance vector (AODV ) routing protocol [11] . This routing protocol will start the process of route discovery if it has data packets that need to be send. This is because it does not know any route to the destination node. AODV is one of reactive routing protocol that was mostly used in VANET and it was designed for ad hoc network. The traditional routing table is used as a method that send one entry for destination or in destination sequence number (DSN). The benefit of that method is to avoid the loop's routing and to maintain the routing's information freshness. That will improve the routing process competence. Maintenance and routing discovery was the basic routing operations in AODV [5] .
A. Control Messages
The types of control message that used in the route discovery and route breakage is RREQ, RREP, RRER and HELLO messages. RREQ (Route Request) require a route to another node because it was broadcasted by node. Meanwhile, RREP(Route Reply) is an unicasted which it back to the RREQ messages and in order to notify other node about the losses link, RRER (Route Error) was sent. Lastly, HELLO mesages was function as the neighbour link detecting and monitoring.
B. Route Discovery
The initiated of route discovery happen when a node need to search a route to a new destination or when the lifetime of existing destination route has expired. The RREQ message is broadcast to its neighbour during the process of route discovery as shown in Fig. 2 . The RREP message will reply by route discovery if any of neighbour has destination route. If the RREQ message not been reply by route process, the neighbour will rebroadcast the RREQ messages until if find the sought route. This is happen because each node that receiving the RREQ message will caches the route back to RREQ message. The route need to be fresh if the recipient of sought route nodes routing table greater than the DSN in the packet of RREQ. The flag is set between destination node and source node for establishing the reverse route of RREQ.
C. Route Maintenance
In the case when meet the unexist route or losses reply packet, the source node will rebroadcasts the query packet when the source not received any reply after a time is out. AODV used this path maintenance process in order to monitor the operation of the used route. Next, a new destination route will find if the notification about any broken link was receive by a source node. Then, when a broken link was detected, the destination node will choose either to repair that link locally or by sending the RERR packet in order to notify about that upstream nodes. The contain inside the RRER message is about the list of unreachable destination that loss due to connectivity. However, the RRER message will remove any route that contain the bad end point from the routing table.
AODV only recorded about the next hop besides the whole route.
IV. SIMULATION ENVIRONMENT
In this section, the AODV performance evaluation in VAS NETs with various speed of mobile nodes, density and RUI were discussed. The latest version of open source network simulator named as Avrora Beta l.7.115 was choosed to per formed the simulations. The event such as receiving, dropping packets, sending and forwarding was simulated by Avrora.
A. Network Simulator
University of California, Los Angeles Compilers Group have designed special simulator for WSNs named as Avrora [10] . Avrora was originally created for simulation the Atmel AV R microcontroller-based sensor nodes [12] . Other than that, Avrora allow the real program run in precise timing. Different sensor platform such Mica2 and MicaZ was supported by it [l3] and capable of single node emulation for program verifi cation. The Avrora have special characteristic which operate on instruction-level instead of just simulating software models.lt was implemented in Java which offers great flexibility and portability [14] . Avrora offered many useful features such as mobility extension model, control flow graph generation and energy analysis. The mobility model in this research is Random Waypoint (RWP) mobility model. The way this model randomly choses its own destination and moves towards it make us choose it as mobility model. When it meets the destination, the node will stop for a time. That time was defined as pause of time parameter. At certain duration, the entire process was repeated and some random destination will be choosen.
B. Simulation Setup
In each of the experiment settings, the network of nodes were initially placing in a grid topology as shown in Fig.  3 . In this study, the AODV performance were evaluated by making the pause time of RWP mobility model constant and varying different speed, number of mobile nodes and the sizes of simulations areas with 10 simulation seeds for different ex periment settings. For each experiments, the statistical analysis is done on the simulation data gathered to get the average, standard deviation and confidence interval. Our focus is to study the effect of change in the size of the simulation areas on the average percentage of packet loss for different speed and number of mobile nodes in order to identify to what extent AODV routing protocol able to work effectively when different sizes of simulation area existed in VASNETs. The average percentage of packet loss can be defined as the average of packets sent by the source and the packet dropped (loss) before receiving by the base station (sink). It is determined by calculating the ratio of packets unsuccessfully delivered to the sink, to the total number of packets sent by mobile nodes.
V. EXPERIMENTAL RESULT S
Several experiments are conducted in order to investigate the impact of mobile nodes towards the performance of AODY. The important parameter such as the number of mobile nodes, the speed of mobile nodes and the different size of simulation areas are varied in order to analyse the average percentage of packet loss in different experiment settings. The following are three experiment settings that are used in this study.
• Effect of mobile node speed: The aim of this experiment is to observe the average percentage of packet loss when mobile nodes are moving at different speed. In order to study the effect of different mobile node's speed on the AODV performance, eight mobile nodes are set to move consistently according to RWP mobility model in each experiment setting. By increasing the speed of these mobile nodes in the simulation, the mobility will also increase. Therefore, different levels of speed which increase gradually from 2 mls to 10 mls in step of 2 are configured for each of the mobile nodes for different sizes of simulation area according to RWP mobility model as shown in TABLE 1.
• Effect of number of mobile node: This experiment shows the effect of change in number of mobile nodes in the network on the average percentage of packet loss as in the first experiment. As shown in TABLE II, different number of nodes are mobile, which start from all nodes are static and increasing until 10 nodes are mobile (from 2 to 10 in step of 2) except for static sink. All nodes are moving consistently with speed of 2 mls for different sizes of simulation area according to RWP mobility model.
• Effect of different size of simulation areas: The objec tive of this experiment is to study the effect of change in the size of the simulation areas on the average percentage of packet loss for different speed and number of mobile nodes as shown in TABLE I and TABLE II. From the simulation results in TABLE III and Fig. 3 , the average percentage of packet loss is increased when the number of mobile nodes is increased gradually for higher number of mobile nodes from 6 to 10 number of mobile nodes. However, the simulation area of 150x150 shows more dramatic change in the everage percentage of packet loss in comparing to other two simulation area sizes of 50x50 and 1OOx1OO. This indicate that there is a direct relationship between the number of mobile nodes with the size of simulation areas. This is due to the fact that if more number of mobile nodes with high speed mobility in the network, the average percentage of packet loss will be higher. The simulation results also show that the bigger size of simulation area the higher the average percentage of packet loss will be.
However, for the simulation results in TABLE IV and Fig.  4 , for the smaller size of simulation area which is 50x50m, the average percentage of packet loss is decreased when the speed of mobile nodes is increasing. In comparing to the bigger size of simulation areas such as 1OOmx1OOm and 150mx150m, there is a direct relation between the velocity of mobile nodes with the size of simulation areas. This is may due to the more frequent disconnection between sensor nodes when there are higher number of mobile nodes in the bigger simulation areas. For the smaller size of simulation areas can improve the connections between the sensor nodes and the higher speed of 
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VI. CONCLUSION AND FUT URE WORK
In this paper, we have evaluated the performance of a AODV routing protocol in VASNETs to demonstrate the impact of the number and velocity of mobile nodes on the different size of simulation areas. Several experiments have been conducted to evaluate AODV in term of the average of percentage of packet loss with various number and velocity of mobile nodes. It can be clearly seen from the experimental results that there is a direct relationship between the number of mobile nodes with the size of simulation areas where if more number of mobile nodes with high speed mobility in the network, the average percentage of packet will be higher. It can also be concluded that the bigger size of simulation area the higher the average percentage of packet loss will be. This is may due to the more frequent disconnection between sensor nodes when there are higher number of mobile nodes in the bigger simulation areas. Furthermore, the smaller size of simulation areas can improve the connections between the sensor nodes and the higher speed of mobile nodes will not have a bigger impact on such setup.
In order to successfully implement sensors in VASNETs, there are several avenues for further studies as follows:
• We need to test different size of communication ranges on the real VASNETs' application in order to know the real impact of mobile nodes on the performance of the routing protocol.
• We also need to consider different mobility models such as Manhattan mobility model that is more suitable for the implementation of VASNETs.
